The present study aimed to analyze adipocyte enhancer-binding protein 1 (AEBP1) expression in colorectal cancer (CRC), with a focus on its possible molecular mechanisms, in order to provide novel insight into the clinical treatment of CRC. Immunohistochemistry (IHC) was used to detect AEBP1 expression in 62 CRC tissues. Kaplan-Meier survival curves were used to analyze AEBP1 expression and the postoperative disease-free survival (DFS) and overall survival (OS) rates of CRC patients. HT-29 cells were treated with oxaliplatin to detect cell proliferation and apoptosis following a Cell Counting kit-8. Through bioinformatics prediction, microRNA 214 (miR214) was identified as an upstream microRNA of AEBP1 that regulates its expression. IHC revealed that the expression of AEBP1 in CRC tissues was significantly higher than that in adjacent healthy tissues, and that it is associated with Tumor-Node-Metastasis stage, recurrence and metastasis. The DFS and OS rates of patients with a low AEBP1 expression were significantly higher than those in patients with a high expression (P<0.05). Following depletion of AEBP1 and treatment with oxaliplatin, the HT-29 cell proliferation was lower than that of the blank control and the negative control groups. However, the cell apoptosis rate was higher than that of the control group at 72 h (P<0.05). Bioinformatics prediction revealed that miR-214 is negatively associated with AEBP1 expression, and co-transfection and luciferase report gene tests revealed that AEBP1 is a target gene of miR-214. Therefore, AEBP1 may become a novel treatment for CRC patients with chemoresistance and may act through the upstream miR-214 to participate in the progression of a tumor.
Introduction
Colorectal cancer (CRC) is one of the most common malignant tumors with a high incidence worldwide (1) . According to the International Agency for Research on Cancer (IARC) GLOBOCAN 2012 monitoring data, there were an estimated ~1.36 million cases novel cases of CRC globally, and by 2017 the global novel cases of would rise to 3.54 million cases (2, 3) . CRC has the third highest incidence among all malignant tumors, surpassed by only lung and breast cancer, and the fifth highest mortality rate worldwide (4). The incidence and mortality rates of CRC have declined in recent years in Western developed countries, but both parameters are steadily increasing in developing countries (5, 6) . Due to the gradually changing eating habits and increased high fat and protein intake, the incidence of CRC in China is expected to become one of the fastest rising of all malignant tumors. The occurrence of CRC is associated with environmental and genetic factors (7) . Typical monogenic disease accounts for only 1-5% of CRC cases; the occurrence and development of CRC is a multi-step, multi-stage process, involving multiple genes, and events at the genome level and genetic polymorphisms form the basis of genetic susceptibility (8) . Genetic research has primarily been focused on genes associated with cell cycle regulation, apoptosis, DNA repair and metabolism.
Adipocyte enhancer-binding protein 1 (AEBP1) is a newly identified type of inflammation-associated regulatory factor (9) and a previous study demonstrated that AEBP1 may inhibit the κB inhibitor, IκBα, in order to promote the activity of the nuclear factor (NF)-κB pathway, which is involved in a number of biological functions (10) . Additionally, evidence suggests that AEBP1 is likely to be involved in the occurrence of numerous tumors (11, 12) . Further study of the key molecular mechanisms of AEBP1 for novel drug development and clinical treatment has important social value and clinical significance. At present, studies regarding AEBP1 expression in CRC cells and the use of oxaliplatin in chemotherapy sensitivity are insufficient.
In the present study, CRC tissues were used to detect the associations among AEBP1 expression, patient survival and tumor pathology in CRC, in order to investigate chemotherapy sensitivity in HT-29 cells following AEBP1 depletion, and to study the role of AEBP1 in the biological functions of CRC, including infiltration, differentiation and metastasis. AEBP1 is expected to become a predictor of recurrent CRC metastasis and is a potential molecular target for treatment.
Patients and methods

Patient tissue samples.
A total of 62 randomly selected patients at Weifang People's Hospital (Weifang, China) underwent CRC tumor resection between January 2010 and December 2012. Follow-up, ranging between 4 and 63 months (median, 35 months), was available for all 62 patients. Of the group, 42 patients were male and 20 were female with ages ranging between 28 and 79 years (median, 66 years). The clinical features of the patients are presented in Table I . The records of all of the patients contained basic information, including Tumor-Node-Metastasis (TNM) stage, the degree of differentiation, lymph node metastasis and distant metastasis, according to the 2002 International Cancer Alliance TNM staging criteria (13) . Paired non-cancerous tissues were obtained from a segment of the resected specimens that was >5 cm from the tumor. All the tissue specimens were placed in liquid nitrogen or were fixed with 4% formaldehyde for 24 h at room temperature (RT) within half an hour of the tumor resection. The present clinical study was approved by the Medical Ethics Committee of Weifang People's Hospital and written informed consent was obtained from all patients upon admission.
Immunohistochemistry (IHC) and result interpretation.
AEBP1 expression was analyzed by IHC on paraffin-embedded tissue specimens from the 62 patients with CRC. The excised tumor samples were fixed with 4% formaldehyde for 18-24 h at RT and embedded in paraffin prior to being prepared into consecutive 5-µm sections. The sections were dewaxed with xylene then hydrated through a graded series of ethanol (70, 80, 90, 95 and 100%) for 5 min of each series at RT. Following general deparaffinization, antigen retrieval was performed at 95˚C for 30 sec with an autoclave using 0.01 mol/l sodium citrate buffer (pH 6.0). Hydrogen peroxide (0.3%) was used to block endogenous peroxidase activity for 30 min at 37˚C, and non-specific immunoglobulin binding sites were blocked using 5% normal goat serum (cat. no. SP KIT-B1; Fuzhou Maixin Biotech Co., Ltd.) for 30 min at 37˚C. The sections were incubated at 4˚C overnight with a purified AEBP1 rabbit polyclonal antibody (Novus Biologicals, LLC, Littleton, CO, USA; dilution, 1:200). The sections were rinsed 3 times with phosphate-buffered saline (PBS) for 5 min each time prior to being incubated for 30 min at RT with a biotinylated anti-mouse/rabbit IgG secondary antibody [dilution, 1:100; cat. no. KIT-0305; UltraSensitive™ SP (Mouse/Rabbit) IHC Kit, Fuzhou Maixin Biotech Co., Ltd.]. Following washing, the sections were incubated for 30 min at RT with streptavidin-biotin conjugated with horseradish peroxidase [dilution, 1:100; cat. no. KIT-0305; UltraSensitive™ SP (Mouse/Rabbit) IHC kit], and the slides were visualized with 3,3'-diaminobenzidine tetrahydrochloride. The sections were stained with Meyer's hematoxylin for 2 min at RT. As a negative control, normal rabbit IgG (cat. no. A7016) or mouse IgG (cat. no. A7028; both dilution, 1:100; both Beyotime Institute of Biotechnology, Haimen, China) was used as the primary antibody and incubated for 30 min at RT.
The staining intensity score was defined as 0 points (negative), 1 point (weakly positive), 2 points (positive) and 3 points (strongly positive). Percent positivity scores were defined as follows: 1 (<25% cell staining), 2 (25-50% cell staining), 3 (51-75%) and 4 (>75% of cells staining). The final score was defined as the value of the percent positivity score multiplied by the staining intensity score and final scores ranged between 0 and 12. The tumors were divided as follows: Negative (-), score 0; low expression (1+), score 1-4; moderate expression (2+), score 5-8; and strong expression (3+), score 9-12. The IHC results of AEBP1 were grouped into 2 categories: Low expression (0 and 1+) and high expression (2+ and 3+).
Cell transfection and cell proliferation/apoptosis detection.
The human CRC HT29 cell line was purchased from the Cell Bank of Type Culture Collection of Chinese Academy of Sciences (Shanghai, China). The cells were cultured in RPMI-1640 medium containing 10% fetal bovine serum (FBS) (both Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA). The cells were cultured at 37˚C in a 5% CO 2 incubator and used in subsequent experiments when they had grown in cell culture flask to 80-100% confluence. AEBP1 depletion siRNA (Shanghai GenePharma Co., Ltd, Shanghai, China) was transfected into cells in 6-well plates for 36 h of cell culture until the cells reached 70-80% confluence. The AEBP1 sequences used were as follows: Forward, 5'-CAT CTA CCC ACT CAC CTG GAA-3' and reverse, 5'-CAC TCC TCG TTC ACC ACC TT-3'. A microRNA 214 (miR-214) mimic (transfected with 1 µg/100 µl miR-214 mimic; Nanjing KeyGen BioTech Co., Ltd, Nanjing, China), negative-scramble control (transfected with negative mimic, NC) and blank control (non-transfected cells, BC) were used for transfection. The miR-214 sequences were as follows: Forward, 5'-AGC ATA ATA CAG CAG GCA CAG AC-3 and reverse, 5'-AAA GGT TGT TCT CCA CTC TCT CAC-3'. The transfections were performed using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). To begin with, solution A [10 µl 100 pmol/µl AEBP1 siRNA + 250 µl opti-minimum essential medium (MEM; Gibco; Thermo Fisher Scientific, Inc.)] and solution B (10 µl Lipofectamine 2000 + 250 µl opti-MEM) were prepared. The 2 solutions (A + B) were then mixed together and incubated for 20 min at RT. Next, 500 µl A + B and 1.5 ml opti-MEM were added dropwise into each well of the 6-well plate. The transfected cells were cultured at 37˚C for 6 h, the medium was removed, and then 2 ml RPMI-1640 medium with 10% FBS (both Gibco; Thermo Fisher Scientific, Inc.) was added, followed by incubation for 36 h prior to further experiments. Each group was set up in 3 replicate wells.
HT29 cells (2x10 3 ) were plated into each well of a 96-well plate and were subsequently transfected with AEBP1 depletion siRNA, a negative scramble control and a BC. Following cell transfection, 50 µg/ml oxaliplatin was added to the plate at 6, 12, 24, 36, 48, 60 and 72 h prior to the addition of the CCK-8 reagent at 37˚C. (Nanjing KeyGen Biotech Co., Ltd., Nanjing, China). The optical density value was detected at a wavelength of 450 nm. Each group was set up in 5 replicate wells.
Suspended cells (2x10 4 ) were plated into each well of 6-well plates (with a coverslip) for transfection. The cells were then treated with oxaliplatin (added dropwise, 100 µg/2 ml) for 72 h and a FITC Annexin V-PI apoptosis detection kit (Nanjing KeyGen Biotech Co., Ltd.) was performed. Cells were collected by trypsin (without ethylenediamime-N,N,N'N'-tetraacetic acid) digestion. Following washing and centrifuging at 700 x g for 5 min at 4˚C, 5x10 5 cells were suspended in 500 µl binding buffer (Nanjing KeyGen Biotech Co., Ltd.), and incubated for 15 min with 5 µl Annexin V-fluorescein isothiocyanate and 5 µl propidium iodide for 10 min at RT in the dark. The cells were quantitatively analyzed by a standard Becton-Dickinson FACSAria instrument (BD FACSAria™III; BD Biosciences, Franklin Lakes, NJ, USA). The data was acquired and analyzed using the FACS DiVa 4.1 software (BD Biosciences).
AEBP1 upstream target gene prediction and dual-luciferase assay. Targetscan (http://www.targetscan.org/), Pictar (http://pictar.mdc-berlin.de/) and miRanda (http://www. microrna.org/microrna/home.do) were used to predict upstream miRNA target genes. Through bioinformatics prediction from the three aforementioned websets, the AEBP1 3'-untranslated region (UTR) was revealed to be associated with an miR-214 binding site and thus, wild-type (WT) and mutant (MUT) AEBP1 3'-UTR luciferase reporter gene plasmids (Luc-AEBP-3'-UTR; Shanghai GenePharma Co., Ltd.) were constructed for further study. Luc-AEBP-3'-UTR (WT) or (MUT) 3'-pGL3 luciferase reporter vectors were constructed by Shanghai GeneChem Co., Ltd. (Shanghai, China). 293T cells were plated onto 96-well plates at 60% confluence 24 h prior to transfection. According to Lipofectamine Western blot analysis. Total HT-29 cell protein was extracted in lysis buffer (Pierce; Thermo Fisher Scientific, Inc.) and quantified using the Bradford method (14) . AEBP1 was detected. Protein (50 µg) was separated using 12% SDS-PAGE electroµg) was separated using 12% SDS-PAGE electrog) was separated using 12% SDS-PAGE electrophoresis. After the proteins were transferred to polyvinylidene Table I . Association between AEBP1 distribution and clinicopathological characteristics in colorectal cancer patients. The differences between the means of the two groups were determined by one-way analysis of variance (ANOVA) with post-hoc Dunnett's comparison. The Kaplan-Meier method was used to estimate patient survival rates and these results were compared using the log-rank test. Cox regression was performed for univariate and multivariate analysis of prognostic variables. P<0.05 was considered to indicate a statistically significant difference.
Results
AEBP1-positive expression and the association between
AEBP1 and CRC clinicopathological parameters. AEBP1 protein expression in the CRC tissues and their paired non-cancerous tissues from the 62 patients were examined by IHC and AEBP1 was primarily expressed in the nucleus and the cytoplasm (Fig. 1) , with a high expression in 39/62 of the CRC samples. There was no expression in normal colonic mucosal tissues. The χ 2 test results confirmed that there was a significant positive association between AEBP1 protein expression and the presence of lymph node metastasis (P=0.003), with a positive expression rate of 54.8% (34/62; χ 2 =8.793). The AEBP1 protein level was also significantly associated with TNM staging. The AEBP1-positive expression rate at tumor stages III and IV was 76.5% (26/34), significantly higher than that at stages I and II at 46.4% (13/28; χ 2 =5.939; P=0.015). The AEBP1-positive expression rate was 80.0% (24/30) in the recurrence group, significantly higher than that in the non-metastasis group at 46.9% (15/32) (χ 2 =7.281; P=0.007). However, no association was observed between AEBP1 protein expression and age or sex (Table I) .
Impact of AEBP1 expression on overall survival (OS) and (DFS) in CRC.
Upon univariate analysis, age, sex, tumor size and histopathological differentiation were not predictive values for OS or DFS (Table II; P>0.05). However, AEBP1 expression, TNM stage, metastasis and recurrence were revealed to be independent prognostic factors for OS and DFS. (Table II; P<0.05). Multivariate analysis of the aforementioned prognostic parameters also revealed that AEBP1 expression Table II . Univariate survival analyses of individual parameters and associations with OS and DFS using the Cox proportional hazards model. Fig. 2A and B ; log-rank values, 8.286 and 5.177, respectively; P=0.004 and P=0.023, respectively).
OS DFS --------------------------------------------------------------------------------------------------------------------------------------------------------------
Effects of AEBP1 depletion combined with oxaliplatin treatment on cell proliferation and apoptosis of HT-29 cells.
Apoptosis detection revealed that the apoptosis rate of the experimental group was significantly higher, compared with the negative control and BC group ( Fig. 3A; P<0.05), and no statistically significant differences were observed between the two control groups (P>0.05). Following cell transfection and oxaliplatin treatment, the cell proliferation in the experimental group at 5 time points was determined. The absorbance values of the experimental group were significantly lower, compared with the other two groups, as measured by the CCK-8 assay ( Fig. 3B; P<0 .01). While no significant difference was observed between the 2 control groups (P>0.05), indicating that inhibiting AEBP1 expression in HT-29 cells under the effect of chemotherapy drugs may inhibit cell proliferation ability. The miR-214 mimic and pMIR-REPORT luciferase vectors containing the AEBP1 3'-UTR binding site fragment were co-transfected. Compared with the negative or blank co-transfection group, the enzyme activity decreased by 30% in the mimic co-transfection group, demonstrating that AEBP1 is the target of miR-214 (Fig. 3C) . AEBP1 was identified as the main downstream target of miR-214. Following transfection of the miR-214 mimic into the HT-29 cells, AEBP1 expression was significantly lower than that of the negative control group (P<0.01, blank control group gray value is set to 1). No significant differences were detected between the negative control and the BC group ( Fig. 3D; P>0.05) .
Discussion
At present, CRC is one of the most common types of malignant tumor in humans but its pathogenic mechanisms remain unclear. Additionally, chronic inflammation often destroys the normal connection between epithelial and stromal cells, thereby inducing tumor development (15) . Previous studies have demonstrated that AEBP1 is an important regulatory Table III . Multivariate survival analysis of individual parameters and associations with OS and DFS using the Cox proportional hazards model. factor in inflammation, serving a key function in the pathogenesis of atherosclerosis, and have proven its use as a target of the prevention and treatment of atherosclerosis (16, 17) . In rat prostate cancer cell lines, AEBP1 has been demonstrated to function as a transcription-inhibiting factor with carboxypeptidase activity, and has been reported to be methylated and to participate in the regulation of mitogen-activated protein kinase activity (18) . In PLX4032-resistant melanoma cells, Hu et al (11) reported that AEBP1 was demonstrated to be highly upregulated because of the hyperactivation of the PI3K/Akt-cAMP response element-binding protein signaling pathway, which resulted in NF-κB pathway activation. These results demonstrated that AEBP1 may be a novel genetic therapy target for BRAF inhibitor-resistant melanoma [AEBP1 upregulation confers acquired resistance to BRAF (V600E) inhibition in melanoma]. Holloway et al (17) demonstrated that AEBP1, implicated as a novel pro-inflammatory mediator, has an effect on tumor cell growth and survival through aberrant sonic hedgehog expression and that it regulates the cross-talk between the mammary epithelium and stroma that may predispose the mammary tissue to tumorigenesis (17) . To date, there has been no systematic study on AEBP1 expression in CRC and the results of the present study are the first to demonstrate that the AEBP1 protein is involved in the development of CRC. AEBP1 expression is strongly associated with clinical stage, lymph node metastasis and recurrence. High expression of AEBP1 leads to a poor prognosis and is an independent risk factor for CRC prognosis. Therefore, AEBP1 expression may be used to monitor disease progression in patients with CRC tumor markers.
The primary auxiliary treatment of advanced-stage CRC is chemotherapy. Adjuvant chemotherapy following surgery may prolong the DFS and OS time and improve patient quality of life (19) . However, clinical chemoresistance in tumor cells is the leading cause of treatment failure (20) . Therefore, investigation into the cellular mechanisms underlying tumor chemoresistance has clinical significance. The present study revealed that, in HT-29 cells, the inhibition of AEBP1 expression combined with oxaliplatin treatment resulted in significantly lower cell proliferation and markedly increased apoptosis, indicating that the expression of AEBP1 has an effect on the sensitivity of tumor cells to chemotherapy. Previously, it was demonstrated that Bim, a B-cell lymphoma 2 family member, is an important apoptosis regulating protein; that Myc and E2F transcription factors regulate cell proliferation and apoptosis, and that their expression at the cellular level determines whether they function as oncogenes or tumor suppressor genes involved in tumorigenesis (21) . Downregulated phosphatase and tensin homolog (PTEN) protein expression and the Akt pathway hyperactivation resulting from the PTEN downregulation may lead to cisplatin resistance in gastric cancer (22) . Valeri et al (23) observed that miR-21 downregulated hMSH2 protein expression in CRC, leading to fluorouracil resistance. Mishra et al (24) revealed that miR-24 binding sites, including single-nucleotide mutations, cause cells to develop resistance to methotrexate, and that miR-221 inhibited the expression of p27kip1, which mediates tumor cells to develop drug resistance. In CRC, AEBP1 affects the specific function of HT-29 chemoresistance, but the associated mechanisms require further investigation.
The present study demonstrates that, through AEBP1 upstream target gene prediction, miR-214 may negatively regulate the expression of AEBP1 in CRC. miR-214 is an important miRNA molecule, and a number of previous studies have demonstrated that miR-214 is expressed at varying levels in human malignant tumors and that it affects the progression of the tumor and chemoresistance through different target genes and molecular mechanisms. Qiang et al (25) demonstrated that miR-214 expression in cervical cancer tissues is significantly lower than that in normal cervical tissues. The expression of miR-214 is negatively associated with the invasive ability of the tumor and patient clinical outcomes, and miR-214 may inhibit the expression of the target gene plexin-B1 to inhibit the proliferation of HeLa cells (25) . Yang et al (26) also demonstrated that miR-214 was expressed at a lower level in cervical cancer tissues than in normal cervical tissues and may negatively regulate the target genes MEK3 and JNK1 to inhibit cell proliferation in cervical cancer HeLa cells.
In conclusion, the present study revealed that miR-214 may serve as the upstream gene involved in AEBP1 regulation, most likely by negatively regulating AEBP1 to enhance the sensitivity of HT-29 cells to oxaliplatin chemotherapy.
